
Project Introduction

The next generation of space exploration missions, such as the asteroid return
mission and the human exploration of Mars, are not feasible with the
technology that currently exists. High power electric propulsion has been
identified by the National Research Council (NRC) as a technology capable of
providing both the power and efficiency required for NASA's robotic and
manned missions. The Hall effect thruster is an in-space electric propulsion
technology that is currently being considered for NASA's asteroid retrieval
mission and for manned missions to Mars. By the NRC's recommendation,
NASA should focus its Hall thruster research into three target areas to achieve
a Technology Readiness Level of 6. The first objective is to scale the thrusters
to produce 1 MW of power. Second, the interaction between plasma plume and
the rest of the spacecraft should be characterized to identify potentially
adverse effects. Finally, research should concentrate on improving thruster
lifetime and minimizing erosion. This proposal aims to address the lifetime and
erosion of hollow cathodes in Hall thrusters. In particular, the proposed
research focuses on understanding the physical phenomena which drive
erosion processes and how they scale with cathode power, thruster power,
and magnetic field topology. To accomplish this, the primary diagnostics will
be time resolved laser induced fluorescence (TRLIF), a retarded potential
analyzer (RPA) and high-speed dual Langmuir probes (HDLP). TRLIF measures
the velocity distribution function as a function of time, the HDLP measures the
plasma density, electron temperature, and plasma potential in the time
domain, and the RPA measures the time averaged ion energy. Using these
plasma diagnostics, four research phases are proposed. The first set of
experiments makes time resolved measurements of near-cathode plasma
properties. This set up places an anode downstream of a high-current cathode
and uses TRLIF, the RPA and HDLP to make near-cathode plasma
measurements. These experiments will quantify how the physical phenomena
which drive cathode erosion, such as ion acoustic turbulence depend on the
cathode's discharge current and gas flow-rate. The next series of tests will
place the cathode in a Hall thruster's magnetic field (without firing the
thruster) with an anode downstream. In this phase, the strength of the
magnetic field will be varied without changing the magnetic field topology.
Using the plasma diagnostics, the influence of magnetic field strength on the
time evolution of the erosion processes will be determined. Additionally, non-
uniformities in the magnetic field will be induced to determine their effect on
instabilities in the cathode plasma. The third phase investigates the effect of
changing the magnetic field topology on cathode erosion. This is done by
changing the thruster from a single channel thruster to a multichannel
thruster. This test will establish how near-cathode physics change as the
thruster design is scaled. Lastly, our time resolved plasma measurements will
be made on a fully activated thruster. Comparing this data set with our
previous results, we will be able to determine the effect of the thruster's
plasma on the plasma properties near the cathode. In conclusion, this
proposal leverages a new time resolved laser induced fluorescence technique
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in conjunction with other standard plasma diagnostics to generate a wealth of
data on near-cathode plume characteristics. This will build a basis for
understanding how cathode erosion will be affected when Hall thrusters are
scaled towards the 1 MW goal. In collaboration with NASA's GRC and JPL,
significant progress can be made in our understanding of the underlying
physics which drive cathode erosion. With this understanding of cathode
physics, engineers can begin to develop predictive models for cathode-thruster
interactions to design long-life Hall effect thrusters which meet NASA's space
exploration goals.

Anticipated Benefits

This will build a basis for understanding how cathode erosion will be affected
when Hall thrusters are scaled towards the 1 MW goal. Significant progress
can be made in our understanding of the underlying physics which drive
cathode erosion. With this understanding of cathode physics, engineers can
begin to develop predictive models for cathode-thruster interactions to design
long-life Hall effect thrusters which meet NASA's space exploration goals.
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Organizations
Performing Work

Role Type Location

University of
Michigan-Ann Arbor

Lead
Organization

Academia Ann Arbor,
Michigan

Glenn Research
Center(GRC)

Supporting
Organization

NASA
Center

Cleveland,
Ohio

Primary U.S. Work Locations

Michigan

Project Website:

https://www.nasa.gov/strg#.VQb6T0jJzyE

Technology Maturity
(TRL)

Applied
Research Development Demo & Test

Technology Areas
Primary:

TX01 Propulsion Systems
TX01.2 Electric Space
Propulsion

TX01.2.2 Electrostatic

Target Destinations
Mars, Others Inside the Solar
System
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